Abstract It is widely recognized that weather changes can trigger headache onset. Most people who develop headaches choose to self-medicate rather than visit a hospital or clinic. We investigated the association between weather and headache onset using large-sample sales of the headache medicine, loxoprofen. We collected daily sales figures of loxoprofen and over-thecounter drugs over a 1-year period from a drugstore chain in western Shizuoka prefecture, Japan. To adjust for changes in daily sales of loxoprofen due to social environmental factors, we calculated a proportion of loxoprofen daily sales to over-thecounter drug daily sales. At the same time, we obtained weather data for the study region from the website of the Japan Meteorological Agency. We performed linear regression analysis to ascertain the association between weather conditions and the loxoprofen daily sales proportion. We also conducted a separate questionnaire survey at the same drugstores to determine the reason why people purchased loxoprofen. Over the study period, we surveyed the sale of hundreds of thousands of loxoprofen tablets. Most people purchased loxoprofen because they had a headache. We found that the sales proportion of loxoprofen increased when average barometric pressure decreased, and that precipitation, average humidity, and minimum humidity increased on loxoprofen purchase days compared to the previous day of purchases. This study, performed using a large dataset that was easy-to-collect and representative of the general population, revealed that sales of loxoprofen, which can represent the onset and aggravation of headache, significantly increased with worsening weather conditions.
Introduction
Headache onset has long been linked to adverse weather conditions such as rain and typhoon. In fact, studies have suggested greater frequency of headache onset after the approach of a low-pressure system (Hossino et al. 2005; Mukamal et al. 2009 ). Another study found that weather occasionally triggered migraines in 53 % of people with migraine and very frequently in 11 % of people with migraine (Kelman 2007) . Headache is one of the most common symptoms of illnesses treated by self-medication. Previous studies indicated that most people who develop headache do not visit hospitals or clinics (Sakai and Igarashi 1997; Takeshima et al. 2004; Mehuys et al. 2012) . A study in the United States on healthcare-seeking behavior reported that two-thirds of people who had at least one symptom did not visit a doctor (White et al. 1961) . Ecological studies conducted in Japan obtained similar results (Tonai et al. 1989; Fukui et al. 2005) . Therefore, it would appear that more people choose to self-treat with medication than seek medical attention.
Therapeutic medicine is generally classified into two groups: drugs prescribed by qualified doctors and over-thecounter (OTC) drugs used for self-medication. In Japan, OTC drugs are classified into three categories (i.e., Types 1, 2, and 3) according to magnitude of risk. Type 1 OTC drugs have special regulatory requirements because they have the largest effects and highest risk next to prescription drugs. In contrast, Type 2 and Type 3 OTC drugs are comparatively easy to buy. In Japan, loxoprofen sodium hydrate (LOX) is the most frequently used antipyretic analgesic. Its market share of prescribed antipyretic analgesics is around 40 % based on number of tablets sold (J-CAST News 2011). In January 2011, LOX was designated as a Type 1 OTC drug for the first time among antipyretic analgesics, and it continues to be a Type 1 OTC drug. Only drugstores with resident pharmacists can sell LOX (and other Type 1 OTC drugs); therefore, we can know the exact number of LOX tablets sold.
Presuming that LOX sales figures can act as a proxy of incidence of headache onset and aggravation of headache, in this study we examined the relationship between various weather conditions and the changes in LOX sales in stores of a large drug chain. Our aim was to determine the association between the onset and aggravation of headache and weather variables by using big data of annual sales figures of LOX and other OTC medicines.
Materials and methods
Between April 1, 2011 and March 31, 2012, we collected daily sales figures of both LOX and other OTC drugs from all 52 drugstores of the biggest drug chain in western Shizuoka prefecture in Japan (approximately 600,000 customer members). Because our contract with the drug chain precluded us from publishing actual sales figures, we transformed total daily sales figures of LOX and all OTC drugs into a LOX daily sales index and an OTC daily sales index. The index for each annual average sales figure was set to 100. We also expected LOX sales to move in tandem with total OTC drugs sales under the influence of holidays, special sales, store promotions, and precipitation. To adjust for the changes in LOX daily sales due to social environmental factors, we calculated the proportion of daily sales of LOX to daily sales of OTC drugs. We adopted the LOX daily sales proportion (LDSP) as the main outcome in this study.
We obtained the following weather data from the website of the Japan Meteorological Agency (measured at the same time each day in Shizuoka prefecture): average barometric pressure, precipitation, average humidity, minimum humidity, average temperature, minimum temperature, maximum temperature, and sunshine duration. Among three weather observation stations in Shizuoka prefecture, we chose weather data from the western Shizuoka area, the main study area.
To determine the purchasers' motives for buying LOX, we analyzed other research data gathered from the same drugstores during a 1-week in December 2012. Pharmacists gave all LOX purchasers a questionnaire that asked for the reason for their LOX purchase (e.g., the customer's symptom(s) at the point of purchase).
We performed simple linear regression analysis that adopted LDSP as the dependent variable. In Model 1, independent variables were the absolute value of weather variables on LOX purchase days. In Model 2, independent variables were gradient changes from the previous day's weather variables to those on the purchase days, using the previous day of purchases as a reference. In Model 3, we performed multiple linear regression analysis adjusted by seasonal effects based on a prior study that found headache was affected by seasonality (Brewerton and George 1990) , and as a covariate to each independent variable, we added a simple moving average of both average temperature and precipitation occurring 14 days before the purchase and 14 days after it.
We used JMP 10.0.2 statistical software (SAS Institute, Inc., Cary, NC, USA). Statistical significance for all twotailed tests was set at a p value of less than 0.05.
Results
Over the 1-year study period, we surveyed the sale of several hundreds of thousands of LOX tablets and a cumulative study population in the tens of thousands. Table 1 summarizes the basic characteristics of each index (i.e., LOX daily sales index, OTC daily sales index, and LDSP). Statistical dispersion of the LOX daily sales index and OTC daily sales index by holiday and precipitation came close to the mean value of 100 and became vanishingly small for the LDSP. Tables 2 and 3 present the results of the questionnaire survey of LOX purchases. The survey collection rate was around 75 % (662, n=891). Table 2 shows purchasers' reasons for buying LOX. Purchasers who had symptoms, including a warning sign, at the time of purchase accounted for 65.3 % of the total collected sample, and purchasers who had no symptoms at the time of purchase but believed a headache would occur within a few days accounted for 13.8 %; thus 79.1 % of purchasers bought LOX in association upon symptom onset. Only 19.2 % had no symptoms whatsoever at the time of purchase and bought LOX as a backup. Table 3 shows all symptoms reported by LOX purchasers. Headache accounted for over half (55.5 %) of all reported LOX loxoprofen, OTC over-the-counter symptoms, whereas menstrual cramps (26.3 %) and toothache (13.0 %) accounted for relatively few.
Model 1 of Table 4 shows the results of simple linear regression analysis using LDSP as the dependent variable and weather variables on LOX purchase days as predictors. Weather variables on LOX purchase days that showed a significant positive association with LDSP were precipitation (β, standard regression coefficient; β=0.166, p= 0.002), and maximum temperature (β = −0.123, p = 0.018). Sunshine duration (β = −0.114, p = 0.030) and average temperature (β = −0.104, p = 0.047) were significantly negatively associated; in other words, LDSP was high in cases of rain or low temperature. In Model 2 (i.e., using weather variables of the gradient change from the previous day to the purchase day as predictors), decreased average barometric pressure (β=−0.115, p=0.027) and increased precipitation (β =0.158, p =0.002), increased average humidity (β=0.152, p=0.004) and increased minimum humidity (β=0.111, p=0.034) were significantly associated with higher scores of LDSP by simple linear regression. Similarly, in Model 3 (i.e., adjusted by season), significantly higher LDSP scores were associated with lower barometric pressure (β=−0.114, p=0.029), heavy rainfall (β = 0.158, p = 0.002), increased average humidity (β=0.151, p=0.004) and increased minimum humidity (β=0.111, p=0.034).
Discussion
To our knowledge, this is the first large study to clarify the relationship between weather and the onset and aggravation of headache using self-medication data. In Japan, few people with headaches visit a doctor, and many choose selfmedication to treat headache symptoms (Hossino et al. 2005 ). An epidemiologic study in Japan found that 69.4 % of people with migraine were undocumented in medical records, and 56.9 % of migraine sufferers used only OTC drugs to treat headaches (Sakai and Igarashi 1997) . Therefore, in this study we focused on people who at headache onset selfmedicated with OTC drugs rather than consult a doctor. We also focused on LOX, the only Type 1 analgesic OTC drug among many antipyretic analgesics available for purchase. In Japan, LOX is a commonly used analgesic for headaches. Compared with other analgesics, LOX sales figures are accurate and easily accessible, face-to-face sales of LOX are controlled by on-site pharmacists, and LOX can only be sold at a fixed price. Moreover, the customer members of the drug chain (i.e., those with a loyalty card) are approximately 600,000, accounting for 28 % of the population of western Shizuoka prefecture. Therefore, the regional representation of our data is considerably high.
This study clearly demonstrated that LOX purchases increased when average barometric pressure decreased, and that precipitation, average humidity, and minimum humidity increased on LOX purchase days compared to the previous day of purchases. Earlier studies have reported various results on the relationship between headache and weather (Gomersall and Stuart 1973; Schulman et al. 1980; Cull 1981; Osterman et al. 1981; Jamison et al. 1995; Spierings et al. 2001; Mukamal et al. 2009; Prince et al. 2004; Alstadhaug et al. 2005; Hossino et al. 2005; Villeneuve et al. 2006; Kelman 2007; Lilleng and Bekkelund 2009; Connelly et al. 2010; Yang et al. 2011 ). However, some did report an association between headache incidence and low barometric pressure and humidity (Jamison et al. 1995; Lilleng and Bekkelund 2009; Mukamal et al. 2009; Hoffmann et al. 2011) , findings that are consistent with those of the present study.
As for the relationship between weather variables and pain, the mechanism underlying how low pressure aggravates pain has been reported. A study using rats revealed that low pressure stimulated the sympathetic nervous system and directly or indirectly excited pain fibers, which worsened symptoms. A decrease in barometric pressure increases sympathetic nervous tone and adrenal medullary hormones. These hormones and sympathetic nerve stimulation work to constrict the peripheral vessels, leading to tissue ischemia, lowering of blood oxygen levels, and decreasing pH (Sato 2003) . These local pathological changes increase the sensitivity of pain fibers at the time of pain (Mizumura and Kumazawa 2001) , and therefore these changes stimulate the pain fibers more easily. Recent studies have shown that chronic inflammation initiates conditions in which sympathetic activity excites certain nociceptors (Sato and Perl 1991; Sato et al. 1993 ). Furthermore, changes in weather might contribute to headache onset through stimulation of specific neurons in the trigeminal nucleus caudal is in response to decreased atmospheric pressure (Messlinger et al. 2010 ).
The results of most studies on the relationship between headache and weather were based on frequency of doctor visits or survey interviews of headache patients who had hospital visit records (Gomersall and Stuart 1973; Schulman et al. 1980; Cull 1981; Osterman et al. 1981; Jamison et al. 1995; Spierings et al. 2001; Mukamal et al. 2009; Prince et al. 2004; Alstadhaug et al. 2005; Hossino et al. 2005; Villeneuve et al. 2006; Kelman 2007; Lilleng and Bekkelund 2009; Connelly et al. 2010; Yang et al. 2011) , and these studies were relatively small. Our intent in this study was to discover the relationship between headache onset and weather conditions by means of analgesic sales data, rather than medical diagnosis, given that few people visit a doctor to treat a headache and few people purchase headache medicine only as a backup. Moreover, headache is a symptom that people can easily recognize. Therefore, we considered sales of headache medicine would provide a relatively accurate reflection of headache onset. Furthermore, using medicine sales to represent headache onset facilitated our investigation because it obviated the need for patient involvement. This study also took advantage of big data from the sale of hundreds of thousands of tablets.
This study had four main limitations. First, we could not determine the reasons for the LOX purchases from the sales data alone, so we examined research data on reasons for taking LOX conducted by the same drugstores in the same year. We found that headache was the reason for 55.5 % of LOX purchases. These data suggest that LOX purchases were related not only with headache but also other types of pain; however, pain presumed to be associated with weather, such as arthralgia and neuralgia, accounted for only a small percentage of purchases. Most reasons for purchasing LOX other than headache had little to do with weather conditions. Although the majority of LOX purchases took place immediately before or after headache onset, the data also showed that pain occurred with worsening weather conditions not only on the day of purchase of but also for a couple of days before adverse weather. Second, adjusting purchase behaviors to compensate for social environmental reasons was difficult. Purchasing behavior is affected by symptom development as well as social environmental factors such as holidays, rainfall, and sales promotions (Geurts and Kelly 1986) . In this study, we ascertained the proportion of LOX sales to OTC drug sales to adjust for these influences. Third, we did not consider sales of analgesics other than LOX. Although people can use other analgesics for self-medication, analgesics that are not Type 1 OTC drugs like LOX can be sold at lower prices (e.g., during sales promotions), and thus are more prone to purchase for economic reasons (e.g., bulk buying) rather than for headache onset. Although LOX sales do not account for an overwhelming share of the OTC analgesics market, statistical accuracy is likely high based on the characteristics of Type 1 OTC drugs. The buying motive for LOX is likely linked to headache incidence, and LOX sales are insulated from the influence of other factors. For these reasons, we chose to study only LOX among all available analgesics. Fourth, we conducted this study in western Shizuoka prefecture, Japan. Although the drugstore chain that we investigated is dominant in the study region, further investigation will be required to provide a more complete picture of the purchasing of analgesics for headache. This study aimed to clarify the relationship between weather conditions and onset and aggravation of headache by using big data that can grasp the behaviors of headache sufferers who do not visit a doctor. Headache is a conventional disease, and its influence on a person's daily life can lead to big social costs (Jackson et al. 2012; Mehuys et al. 2012) . If the relationship between weather variables and onset and aggravation of headache can be verified, attention to weather conditions by individuals themselves may help to alleviate pain. Alerting people to changes in weather conditions such as barometric pressure and humidity might then have a considerable positive impact.
